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Abstract 
With day-by-day increasing significance of Power Electronics, the issue of harmonics being introduced in electrical 
systems needs to be addressed on a priority basis. Active Filters are very apt solution for reducing harmonics. Here a 
Shunt Active Power Filter with Artificial Neural Network(ANN) Control and Neuro-Fuzzy Control is proposed. For 
ANN control the concept of predictive and adaptive control has been used which helps in fast estimation of 
compensating current. The algorithm for predictive control is new and simulation shows quite good results. The 
dynamics of the dc-link voltage is utilized in a predictive controller to generate the first estimate followed by 
convergence of the algorithm by an adaptive ANN (adaline) based network. Again Neuro-Fuzzy control is used 
which gives still better simulation result 
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1. Introduction 
 
Although power electronic devices such as thyristors and power transistors have been available for twenty-five 
years or more, state-of-the-art semiconductor device technology is continually improving and thus providing better, 
reliable and economical components. These improvements combine with the efficiency and controllability 
advantages of equipment. New and innovative circuits are being developed at a rapid pace and clearly the trend is 
toward high penetration level of electrical loads. 
Unfortunately, there are some problems associated with these new circuits and devices. Unlike conventional loads, 
they control the flow of power by chopping, flattening, or shaping the otherwise sinusoidal power system voltages 
and currents .These waveform distortions can cause problems for neighbouring loads, and they tend to have an 
overall detrimental effect on the quality of electrical “pollution”, whether it is produced by large single-source or by 
the cumulative effect of many small loads and often propagate along distribution feeders. In fact, distortion is 
usually amplified at points remote to the sources. 
sensitive to pollution from other sources, power electronic loads are at the same time villains and victims from a 
power quality point of view 
One innovative concept that has great potential is the Active Power Line Conditioner (APLC), also known as Active 
Power filter. It appears to be an attractive, viable method for reducing voltage and current harmonic distortion, 
voltage spikes, transients and flicker. It injects equal but opposite distortion thereby cancelling the original problem 
and improving power quality on the connected power system. 
The technology of active power filter has been developed for harmonic compensation, reactive power reduction 
and balancing voltage in an ac power network. Active power filter dynamic performance depends mainly on how 
fast and accurate harmonics are eliminated from the load current. So many harmonic elimination techniques are 
available to us. As given in references fast estimation of current compensating is done by using methods like d−q 
theory presented in [5], p−q topology as in [6], [7], [8], concept of adaptive filters as said in [9], wavelet technology 
[10], genetic algorithm method (GA) and artificial neural network (ANN) etc. Here, combinations of predictive and 
adaptive controller techniques which will give faster responses have been  adopted. In this there is a need of 2 ANN 
controllers. Whenever the change in load is detected, first of all predictive controller will do its work in part of 
compensating current as fast as possible in parallel with change in voltage across capacitor. Next adaline based 
controller will start working for faster steady state value. Single phase shunt APF is shown in below figure.1 
 
 
 
Fig.1: Single phase shunt APF 
2. Reference Current Estimation[1] 
APF compensation is shown in Fig. 1. The expression of the load current is, 
iL(t) = iα1+iβ1+ih                       (1) 
݅ߙ1 is in-phase component and ݅ߚ1 is quadrature component of phase current at fundamental frequency. Except these, 
all the remaining included in ݄݅. The in phase component of the load current and the corresponding per-phase source 
voltage are expressed as 
݅α1(t) = Iα1 cos ߱t          (2) 
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vs(t) = ܸm cos ߱t          (3) 
The compensating current becomes 
݅c (t) = ݅L (t) −݅α1(t) 
݅c (t) = ݅L (t) −Iα1 cos ߱t         (4) 
The compensation of harmonics and reactive power is done by APF. Where,1is the peak magnitude of the in phase 
current. The reference current for the APF is easily be set as per (4) once ܫߙ1 estimation is over. i(t) is measured 
using current sensors. ܫߙ1 will be find out in two steps. First ܫߙ1 value should be find by a single layer ANN based 
algorithm. Next to get quick convergence adaline based ANN will be used. To maintain dc-link voltage, inverter 
draws a small current (݅௦ఈ(t)).  
 
3. APF DC Link Voltage Control [1] 
The circuit that has been used for providing the compensating current is actually a voltage source inverter. The ac 
side is connected to the three phase power system. On the DC side is a capacitor called DC link capacitor. The dc 
link capacitor voltage changes whenever there is a change in the load. To get a desired regulated voltage a controller 
is used. For this the capacitor draws current ݅sα which is in-phase with the source voltage. From the power balance 
equation, 
 ௗܲ௖ ൌ ܥௗ௖ ௗܸ௖ ௗ௏೏೎ௗ௧          (5) 
Where, Pdc is power required to maintain the voltage vdc  across the link. By applying small changes in ݅ܿ, ݅ݏ, ܸ݀, and 
ݒݏ near the operating point, new set of variables are derived, 
݅ܿ (t) = ܫc + Δ݅  ܿ          (6) 
݅sα(t) = ݅sα + Δ݅sα           (7) 
vdc(t) = ܸ݀c+ Δݒ݀c           (8)
ݒݏ (t) = ܸݏ + Δݒݏ          (9) 
Where,c, ܫs, and Vs are the rms values and Vd the dc value of the quantities. After some modifications, 
 ο ௗܸ௖ሺݏሻ ൌ ீమሺ௦ሻீయሺ௦ሻଵା௄ீభሺ௦ሻீమሺ௦ሻீయሺ௦ሻ οܫ௖ሺݏሻ                   (10) 
“This shows the possibility of estimation of the compensating current from the change in Vd. The PI controller gains 
are used to regulate the dc link voltage which is governed by the following two inequalities.” 
ܫௌ ൏ ஼೏೎௏೏೎
כ
ଷ௄೛௅೑
          (11) 
ܫௌ ൏ ௄ು௏௦ଶ௄೛ோ೑ା௅೑௄಺          
 (12) 
ܫs the source current, ܸ݀cכ is the reference dc-link voltage and ܸݏ is the source voltage. To design the starting guess 
of ܭܲand ܭܫ and also to set their limits, equations (11) and (12) are used. 
 
4. Uncompensated System 
In uncompensated system three-phase supply is directly connected to nonlinear load. No filter is connected here. A 
scope is for showing source and load currents. Waveforms are source current and load current respectively. Source 
current is not sinusoidal in this case. 
 
 
 
 
 
 
 
 
 
 
 
FiFig 2: Simulation results for uncompensated system (time in seconds) 
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5. Systems with Conventional SRF 
 Figure 3 shows the simulation diagram for system with basic conventional filter. Three single phase voltage sources 
are connected to the nonlinear load through APF as shown in figure. Source current and voltages are first converted 
from abc-αβ using Clark transformation and then αβ- dq using park’s transformation. 
After that again using reverse transformation we get reference current signals which will transform to hysteresis 
controller to get pulses, which are required for switching of IGBT’s in APF. For managing the shunt APF in real 
time, instantaneous active power (p-q) theory is used. Those equations are as follows, 
 ൤ܫఈܫఉ൨ ൌ ට
ଶ
ଷ ൤
ܿ݋ݏͲ ܿ݋ݏͳʹͲ 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The simulation results are shown in figure 4. Waveforms are of the input current, output current and compensation 
current respectively. Source current is not pure sinusoidal in this case. So some advanced techniques are 
implemented to overcome this problem with APF.Total harmonic distortion (THD) is reduced up to 6.12 % with this 
filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3: Simulation diagram for system with conventional SRF 
 
 
 
 
 
 
 
 
fig 4: Simulation result for system with conventional SRF (time in seconds) 
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6. Predictive Controller Based APF 
Predictive algorithm ensures faster reference generation and is also accountable for better regulation of dc-bus 
voltage. 
Ve(t) = 200−Vdc                             (18) 
ܭ݌ = (ܼ݇כ(ݐ) + ௄ು௓ )                     (19) 
ܭi = (ܼ݇כܸ’e(ݐ) + ௄೔௓ )                       (20) 
Where,  Zk = Y−
௒
௓ 
Y = ܭ݌כ(ݐ)+ܭiכܸ’e(ݐ)                     (21) 
ܫα =ூഀ௓+ܻ                       (22) 
ܫα = ܫαכ ୚౗ౘౙ౩୚ౣ౗౮ሺ౟౤ሻ                      (23) 
To ensure faster corrective action, the system state is chosen as error voltage and its gradient.[1] 
u = [ܸ݀כݒ݀]                      (24) 
The states ݔ1 and ݔ2 are designed with the help of the state generator as follows, 
ݔ1 =ve (ߢ)      ;        ݔ2= డ௫భడ௞                                                  (25) 
Where Ve(k)=Vdc
*Vdc(k) 
z(κ), the output error is represented below as, 
Z(κ) = ݒ0(ߢ)- ݒ݁(ߢ − 1)                                                (26) 
The output ݒ0(ߢ) is given to the output state to approximate Iα1 
 
Predictor Training: 
The network is trained using a large number of test data consisting of inputs and targets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: Simulation diagram for predictive controller based APF 
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Fig 6: Simulation results for predictive controller based APF(time in seconds) 
 
The figure 6 shows waveforms for controller based on APF. The source, load and compensation currents are 
depicted. Source current is not pure sinusoidal. Total harmonic distortion (THD) is reduced up to 5.02 % with this 
filter. 
 
7. Adaptive Controller based APF 
 Adaline based system is supplied with current samples. This helps in setting a reference to APF. Adaline is 
designed in order to obtain a minimized THD. Uncompensated source current sample S(k) is given by,[1] 
ܵሺ݇ሻ ൌ ܫఈଵɘ ൅ ܫఉଵ ɘ 
൅σ ܫ௡ ሺ݊ɘ݇ݐ௦ ൅ ׎௡ሻோ௡ୀଶ                    (27)  
Where, is the step size in discrete domain. The square of error terms for ܭt݄ sample may be expressed as, 
ߝଶሺ݇ሻ ൌ ቂ൛௦మሺ௞ሻିଶ௦ሺ௞ሻ௔ሺ௞ሻൟ௔మሺ௞ሻ ൅ ͳቃ                    (28) 
Where ,ଶሺ݇ሻ ൌ ܫןଵଶ ሺ݇ሻܿ݋ݏଶሺɘ݇ݐ௦ ൅ ܫఉଵଶ ሺ݇ሻݏ݅݊ଶሺɘ݇ݐ௦ሻ                                (29) 
Equation (20) can also be represented as  
 
ߝଶሺ݇ሻ ൌ ቂሼ௦మሺ௞ሻିଶ௦ሺ௞ሻሾ௑೅ሺ௞ሻןഥ ሺ௞ሻןഥ೅ሺ௞ሻ௑ሺ௞ሻሿሽ௑೅ሺ௞ሻןഥ ሺ௞ሻןഥ೅ሺ௞ሻ௑ሺ௞ሻ ቃ                   (30) 
Where, the vectorןഥ ሺ݇ሻ ൌ  ܫఈଵሺ݇ሻܫఉଵሺ݇ሻ 
i/p vector(k)= ሾɘǡ ɘሿT 
The current required for compensation is then obtained by minimizing the THD which in this case is the error 
function. This is done using equation (4). This method is not as sluggish as the existing schemes based on adaline as 
comparatively low number of tuning blocks are required in this case. The input vectors in this case are orthogonal to 
each other so the calculation part becomes much simple.  
 
Fig 7: Simulation results for adaptive controller based APF(time in seconds) 
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Total harmonic distortion (THD) is reduced up to 3.02 % with this filter. 
 
8. Predictive and adaptive controller based APF 
Waveforms are source current, load current and compensation current respectively. Source current is almost 
sinusoidal. Total harmonic distortion (THD) is reduced up to 1.52 % with this filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 8: Circuit Diagram for APF based on predictive and adaptive controller 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 9: Output result of the controller APF(time in seconds) 
 
9. Neuro-fuzzy controller based APF 
Further a neuro-fuzzy system has been developed which upon simulation gives a THD less than 1%.In the neural 
part adalines are used in the same manner as in the case of adaptive control.  
Fuzzy Logic 
The fuzzy logic  controller used here has two input membership functions, input1 and input2.  input1 is the 
deviation(Ve ) of dc link voltage from a set value while input2 is the derivative(dVe /dt).  Figure 11 shows the input 
membership functions.  The output membership functions taken are out1mf1, out1mf2,….., out1mf25. The base 
rules discribing the output for the given two inupts are shown in table 1. 
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The output is multiplied with the three source voltages and a predetermined constant value. This outcome and the 
output of neural part are averaged and given to a hysteresis controller.  
Waveforms are source current, load current and compensation current respectively. Source current is almost 
sinusoidal. Total harmonic distortion (THD) is reduced up to 1.52 % with this filter 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11 Input Membership Functions 
 
                                    Table-1 Base Rule 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11 Input Membership Functions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12 Output result of the neuro-fuzzy controlled APF (time in seconds) 
 
Input 1 
 
 
Input 2 
 
1mf1 1mf2 1mf3 1mf4 1mf5 
2mf1 out1mf1 out1mf6 out1mf11 out1mf16 out1mf21 
2mf2 out1mf2 out1mf7 out1mf12 out1mf17 out1mf22 
2mf3 out1mf3 out1mf8 out1mf13 out1mf18 out1mf23 
2mf4 out1mf4 out1mf9 out1mf14 out1mf19 out1mf24 
2mf5 out1mf5 out1mf10 out1mf15 out1mf20 out1mf25 
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10. Conclusion 
 For the improvement of converging concept and for the reduction of computational requirement, a 
combination of adaptive and predictive based ANN controller is depicted for a shunt-type APF. For the regulation of 
the dc-link voltage in the APF, an algorithm derived from an ANN based PI controller, predictive in nature is used. 
After that, followed by an adaline-based THD minimization technique is used. The convergence becomes very fast 
by using only two input vectors followed by two weights. 
Table-2 THD values of different controllers 
SRF Predictive 
Controller 
Adaptive 
Controller 
Predictive and 
Adaptive Controller 
Neuro-Fuzzy 
Controller  
6.12% 5.02% 3.02% 1.52% Less than 1% 
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